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SUMMARY 
With the increase in agricultural field trials in recent 
years, the question of the use of former sites of concluded 
experiments is becoming of ever increasing importance. It 
was the aim of the present study to define the possible 
methods by which areas which have been differentially treat-
ed in past experiments may be effectively utilized in new ex-
periments and to determine the efficiency of the various 
methods. 
Methods of de"Sign were tested using the yields from a 
field which formed a portion of a rotation and fertilizer ex-
periment conducted at the Iowa Agricultural Experiment 
Station since 1915. 
The possible methods of design were grouped under two 
heads: (a) Those in which all the treatments in the new ex-
periment could be planted on each of the original plots; and 
(b) those in which the block of the new experiment compris-
ed a number of the original plots. 
Reduction of the error was attempted in two ways: (a) 
By the grouping together of plots from different parts of the 
field on the basis of equal fertility (as indicated by the pre-
vious yield) to form the block of the new trial; and (b) by 
the application of a covariance treatment to blocks formed 
by the grouping of adjacent plots, using the .esults of the 
original trial as concomitant information. 
The efficiency of the various methods in reducing the 
error variance was evaluated. It was shown that on the 
average equal fertility grouping was little better than ad-
jacent plot grouping. The use of covariance on the adjacent 
plot grouping on the basis of one year's previous yield was 
twice as efficient as adjacent plot grouping alone. Multiple 
covariance on the basis of 2 previous years' results was 
over three times as efficient in reducing the error variance. 
The relationship of these methods to the variable influences 
affecting the yield from year to year and the manner in 
which each did or did not utilize the available information 
are discussed. 
It was concluded that the most satisfactory method of 
design was to ignore the previous treatments and to form the 
blocks from adjacent plots in the normal manner. When 
the results come to hand at the end of the season the covari-
iance adjustment should be used, supplying· its own test as 
to its efficiency in reducing the error variance. 
An experiment designed so that each treatment was 
represented on each of the original plots was superimposed 
on the fertilizer trial during 1936. Three top-cross varieties 
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of corn were tested at two rates of planting (three and four 
plants per hill) each of these six possible treatments being 
tested with normal planting as against spaced planting. 
The yields showed: (a) that the variety, Inbred 75 on 
Krug, gave the highest yields; (b) that under the dry sea-
sonal conditions of 1936, the lower rate of planting gave the 
higher yield and (c) that spaced planting gave only .7 of a 
bushel per acre greater yield than normal planting. The 
error variances, both in this trial and in the case where 
covariance adjustments were applied to adjacent plot group-
ing, were comparable with the errors obtained from experi-
ments placed on normal uniform sites, and very small differ-
ences between treatments were shown to be significant. 
It was shown that in certain of the suggested designs 
it is impossible to separate the interaction of the new treat-
ments with the differential fertility of the original plots 
from the error variance and therefore such interactions may 
play an important part in increasing the error. In cases 
such as the one studied, where a variety trial was superim-
posed on a fertilizer trial, it is evident that this interaction, 
though significant, will not increase the error variance un-
duly. 
It may frequently be desirable to continue the original 
fertilizer trial because of its "permanent" nature. The bear-
ing of the various designs on this matter is discussed and it 
is shown that with certain designs, the validity of the com-
parison of the total yields of the original plots is not disJ 
turbed by the new treatments. 
Design of Agronomic Experiments for Plots 
Differentiated in Fertility by 
Past Treatments l 
By H. C. FORESTER2 
With the ever-increasing number of workers in agricul-
ture and the constant demand for new sites on which to 
place experimental trials, administrators of experiment sta-
tions have difficulty in many cases in supplying the land nec-
essary for the trials. In the past, workers have naturally 
demanded that the site should be as uniform as possible and 
unaffected by previous treatment in order that the error of 
their experiments should be as low as possible. Relief has 
been sought in some cases by purchasing new experimental 
farms, but this involves a considerable outlay of money, and 
it has not always been possible to provide suitable areas 
within convenient distances. 
The question has arisen as to the possible use of the 
sites of former experiments. Can these old sites be used 
for succeeding trials; further, is the information that has 
been obtained on the yields of the plots of the former experi-
ments of any value in interpreting future results? 
Provided that the past experiments were concerned with 
treatments which did not differentially affect the soil, there 
appears to be no valid objection to using the sites for suc-
ceeding trials, and such a practice has been generally adopted 
by agronomists with satisfactory results. 
If adequate care is taken to choose a fresh random dis-
tribution of the new treatments so that the plots of any two 
given treatments do not coincide in the two trials, nothing 
more serious than a possible slight increase in the error of 
the experiment will result. Furthermore, as a result of the 
study of the yields of annual crops from year to year on sites 
which were originally selected for their uniform nature, it 
has been shown that there is not a great similarity from one 
year to another. Therefore, in such cases, not much can be 
gained from the knowledge of the previous year's yields. 
On the other hand, in a fertilizer or crop rotation trial 
where the soil conditions have been materially altered, the 
1. Taken from a thesis submitted to the graduate faculty of Iowa State College in 
partial fulfillment of the requirements for the degree, Doctor of Philosophy. Project 
554 of the Iowa Agricultural Experiment Station. 
2. The writer wishes to express thanks to Dr. John B. Wentz, Prof. G. W. Snedecor, 
Dr. A. A. Bryan, Dr. A. E. Brandt and Miss Gertrude M. Cox for helpful suggestions 
during the progress of the study. 
The work reported In this bulletin was done while the author was holding a 
Service Fellowship from the Commonwealth Fund of New York . 
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position is not so simple. Because of the fundamental in-
terest in the residual value of the treatments, many of these 
trials have been continued for a number of years, and the 
yields indicate in no uncertain manner that the fertility of 
the soil has been changed. In many respects we may now 
regard the field at the cessation of the original trial as being 
very similar to one which was of very uneven fertility in 
the beginning, and which had been discarded as being too 
variable for use as an experimental site. In each case there 
will be a large variation from plot to plot, and the experi-
mental error in the majority of cases will render compari-
sons of any but the major differences between treatments 
useless. Much of the following discussion, therefore, will 
apply equally to fields of extreme variability either on ac-
count of their inherent nature or because of subsequent 
treatment. 
It is the purpose of the present study to determine what 
are the possible methods of utilizing such sites to the best 
advantage, and to learn whether, by use of certain techni-
ques, the error of any given experiment which may be placed 
on such a variable site, may be reduced to satisfactory pro-
portions. 
THE NATURE OF THE PROBLEM 
It has been recognized for some time that the variation 
of the yields of field plots is of two types: the broad general 
gradients which are generally due to changes in soil type 
or topography and the small local random fluctuations. With 
the extension of the studies to horticultural trials where 
individual trees or vines usually constitute the experimental 
plot, it has been recognized that genetic variability is also an 
important source of random error. Much of the statistical 
advance of recent years has come through a clearer know-
ledge of the causes of the "error" variation whereby work-
ers have been able to design methods in which this can be 
reduced. As R. A. Fisher (3) has pointed out, the actual 
calculation in the determination of the appropriate error is 
relatively simple. The value of statistics lies rather in the 
determination of the best possible design of the experiment 
to test the given hypothesis. Hence the necessity of grasp-
ing clearly the nature of "error" and the manner in which 
the different techniques have grappled with the problem. 
Student early recognized the fact that a higher correl-
ation existed between adjacent plots than between plots some 
distance apart and so planned his experiment to compare 
any two treatments on adjacent plots. Fisher (2) further 
extended the pair of plots to a block and showed how the 
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variation between blocks and between treatments could be 
deducted from the total variance, leaving a remainder which 
constituted the error of the experiment. Therefore methods 
of layout of plots were designed to exclude the larger gradi-
ent variations by making these coincide with the blocks, 
thereby leaving the remainder variation, the "error", as 
small as possible. 
With the development of factorial experiments in which 
large numbers of treatments were tested in one experiment, 
anyone block of plots became so large that the variation 
within a block, and hence the "error" of the experiment, was 
unduly increased. This then led to the development of cer-
tain methods such as "confounding," whereby each treat-
ment was not represented in every block. In this manner 
the block could still be kept small despite the large number 
of treatments to be tested. 
It has been recognized for considerable time that, gen-
erally speaking, plots giving high yields in anyone year tend 
to give high yields in other years; i. e. that a correlation 
exists between yields of the same plot from year to year. 
This correlation will be a composite of several conflicting 
factors, the inherent soil fertility tending to favor the 
agreement and the random small fluctuations together with 
the interaction with season tending in the opposite direction. 
Finally, the genetic variability of the population of plants 
will increase the correlation where the same plants are stud-
ied from year to year, as in perennial crops, and the reverse 
when the crop plants change in successive years. If the 
correlation be significant, here then exists a further possi-
iblity of increasing the accuracy of our experiments. For, 
by removing from our estimate of error that portion which 
can be accounted for by regression on the previous year's 
results, the variation within blocks may be reduced still 
further. Such a method has been termed "covariance" and 
has been shown in the past to be particularly useful with 
perennial crops. 
Such then are the methods which are available in at-
tempting a solution of the present problem, arid thus the 
attack will be along two main lines: (a) The reduction of 
error by the most satisfactory grouping of plots into blocks; 
and (b) the reduction of the variation within block by co-
variance adjustment on the previous years' results. 
The material will be presented under three heads: (a) 
The consideration of the nature and the degree of correlation 
existing from year to year; (b) the presentation of the pos-
sible methods of design, their limitations and their degree 
of efficiency; (c) the recording of the results of an experi-
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ment conducted during 1936 and designed according to the 
only method not involving assumptions, which was applicable 
in this particular case. 
Before proceeding with the presentation of these re-
sults, a brief description will be given of the original fertil-
izer trial which was responsible for the differential fertility 
of the field under study. 
THE ORIGINAL FERTILIZER TRIAL 
The trial in question is a portion of the 4-year rota-
tion and fertilizer experiment conducted at the Iowa Agri-
cultural Experiment Station at Ames. It has been subdi-
vided into four ranges which are sown respectively to corn, 
corn, oats and legume. The crop is rotated each year so that 
each range is sown successively to the four crops. This sec-
tion, viz Range 1100, was sown first in 1915 and is typical in 
design of the majority of such experiments as were laid 
down at that time. It consisted originally of a total of 36 
plots, but owing to erosion problems Nos. 16-27, inclusive, 
were separated from the main group, leaving 24 plots at the 
present time. Check plots were placed in every fifth posi-
tion, and in all, 18 treatments were laid out without replica-
tion, as indicated in appendix table 8. 
The soil type consists of a rise of Carrington loam (plots 
0-6) running down into heavier but more fertile Webster 
silt loam over the greater portion of the rest of the field. 
The Carrington loam again appears in plots 28-31. From 
plot 14 onwards the soil is more nearly level, and in wet 
seasons suffers to some degree from waterlogging. Since 
the legume crop is plowed under each year and as yields of 
the green weight were not obtained for the earlier years, the 
results from this crop have not been included in the present 
study. The yields of corn corrected for stand, moisture and 
shelling percentage of the 24 plots for the years 1915-36, in-
clusive, are shown in appendix table 8 and serve to indicate 
that material changes have been produced in the fertility of 
the respective plots. 
Since the consideration of the results of this fertilizer 
experiment is not within the scope of the present paper no 
further discussion on the yields will be given here, and we 
shall proceed immediately with the study of the first pro-
blem, viz. the relationship shown by the plots from year to 
year. 
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CORRELATION STUDIES 
PREVIOUS INVESTIGATIONS 
Although it had been recognized that a relationship ex-
isted between the yields of the same plot of ground from year 
to year, the first attempts to utilize this were not made until 
1915 when Harris (6) suggested that the information might 
be of use in increasing the efficiency of agricultural experi-
ments. In 1920 Harris and Schofield (7) reported a total 
inter-annual correlation between 46 plots of a uniformity 
trial in Montana conducted during the years 1911-19. Their 
figures showed very variable results, "values from -.539 to 
+ .886 being obtained with a mean value of + .274." Of the 
152 correlations, 88 percent were positive in value. 
In 1926 Garber, McIlvaine and Hoover (4) obtained a 
correlation value of + .364 ±.036 between oaten hay in 1923 
and wheat grain in 1924 for 270 plots of approximately 
1/30th acre. Later, in 1931 (5) in studying uniformity data 
on over 400 plots of 1/50th acre, they obtained the following 
correlations: 
+0.58 ±0.02 between grain yields of corn in 1927 and oats in 
1928, 
+0.20 ±0.03 between grain yields of corn in 1927 and wheat 
in 1929, 
+0.50 ±0.02 between grain yields of oats in 1928 and wheat 
in 1929. 
With the development of the analysis of variance tech-
nique and the recognition of the value of deducting the large 
block variations from the variance, the values of the correla-
tion coefficient are on a different basis. With block variance 
removed, the correlation now represents a "within block" 
relationship, and since the variable "between block" effect 
has been removed, the correlation values show greater con-
sistency for any given relationship. 
Sanders (10) in presenting the covariance method of 
adjusting yields on the previous year's results, studied uni-
formity data on two experimental fields in Denmark, sown 
to annual crops. Correlation values ranging from +.64 to 
+.78 were obtained in the first field, but much lower ones, 
about + .20, were found in the second. 
Summerby (11) in a very complete uniformity study of 
annual crops during a number of years in Canada obtained 
correlation coefficients varying from -.386 to +.860, of 
which 77 out of a total of 134 were significant. As he point-
ed out, it is immaterial from the covariance adjustment point 
of view whether the correlation is positive or negative, but 
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it is worthy of note that of the total number of correlations 
only 31 percent were above a value of 0.5. In summarizing 
the results of his findings he concludes that: "It appears 
therefore that no definite conclusion can be drawn regarding 
the relative precision for adjustment purposes of: (a) single 
years versus the average of several years, (b) proximity of 
preliminary trials to that of subsequent trials, and (c) simi-
lar versus dissimilar crops. The effect of these is appar-
ently overshadowed by other more important factors. In 
this study the year effect and the interaction between year, 
soil, and crop is apparently greater than any differences 
that there may be between the length of preliminary trial, 
proximity of preliminary trial to the subsequent trial, and 
the similarity or dissimilarity of crops." 
When statisticians turned their attention to perennial 
crops, much higher correlations were found to exist from 
year to year. (This is as might be expected, since in these 
cases we are dealing with the same individual or same 
groups of individuals in addition to the same land.) Eden 
(1) working with tea obtained correlations between success-
ive pluckings of leaves of +.83 and +.61. Murray (9) with 
rubber yields of 25 plots on successive years, obtained a 
correlation value of + .86. 
We may conclude, therefore, that on the whole, previous 
investigators working with normal non-differentiated fields, 
did not find large correlations except in the case of per-
eml.ial crops. 
What then is the degree of relationship holding in fields 
which show differential fertility from plot to plot? 
METHOD OF STUDY AND RESULTS 
In this portion of the investigation, the yields of 17 of 
the past 22 years, excluding those when a legume was plant-
ed, were considered, and correlations determined between 
the yields in every year and the yield in each of those preced-
ing it. Since interest will be centered subsequently in the 
possible method of designing an experiment on this field, 
some division into blocks is essential, and because of the sep-
aration of the plots into two groups of 16 and 8 each, it was 
decided to set up six hypothetical blocks of four adjacent 
plots each. The correlation figures obtained, therefore, are 
"within block" correlations, block variance being deducted 
in each case. The results are presented in table 1. 
It may be noted primarily in table 1 that although the 
data here presented are concerned with annual crops, the 
correlation values on the whole are much higher than those 
obtained by other investigators. The explanation is to be 
TABLE 1. "WITHIN BLOCK" CORRELATIONS OF THE PLOTS OF EACH YEAR WITH THOSE OF THE PRECEDING YEARS IN 
THE FERTILIZER TRIAL 
--_ . - --
----- - ---
Year I 1916 I 1917 I 1919 I 1920 I 1921 I 1923 I 1924 I 1925 1927 I 1928 I 1929 I 1931 I 1932 I 1933 I 1935 I 1936 
1915 
I 
.522 
.477 I .465 .612 .656 .516 .544 I .530 .578 .455 .471 .533 I .558 .591 .356 .338 1916 .426 .257 .550 .438 .363 .480 .513 .505 .659 .543 .260 .522 .398 .117 .270 
1917 .639 .765 .458 .696 .724 .669 .770 .596 .607 .305 .489 .735 .332 .197 
1919 .665 .570 .878 .817 .691 .840 .567 .495 .467 .791 .697 .611 .389 
1920 
I 
.709 .696 
.693 I .637 .785 .626 .689 .281 .604 .735 .343 .224 1921 .667 .648 .730 .739 .588 .735 .498 .485 .729 .499 .434 
1923 .845 .702 .905 .514 .695 .415 .685 .792 .545 .272 
1924 
.845 .898 .672 .756 .628 .792 .809 .597 .524 
1925 .882 
.716 I .782 .541 .636 .821 .591 .681 1927 .711 .820 .566 .701 .921 .609 .486 
1928 .499 .398 .561 .608 .150 .313 
1929 .527 .413 .814 .548 .520 
1931 
I 
.413 
.559 I .669 .632 1932 
I .565 .492 
.422 
1933 1 .555 .401 · 1935 I .819 
I'(P .05.N 17) = .456 
~ 
..,. 
~ 
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sought in the fact that these figures are not those from uni-
formity material. In former studies, only random fluctua-
tions and interactions contributed to the relationship. In this 
case the yields are influenced also by the difference in fertil-
ity produced by the treatments of the original fertilizer trial. 
Insofar as the difference in yield of the plots of any very 
variable field represents real differences in the fertility of 
the plot, one might expect that a correlation of similar mag-
nitude would be found. Furthermore, it is probable that the 
degree of variability within blocks will be proportional in 
some measure to the increase in the correlation found. 
It is of fundamental interest also to ascertain the man-
ner in which the correlation is affected by the length of time 
between the years and by the nature of the crop. In general, 
it may be noted from table 1, that the correlation decreases 
as the number of years between the yields to be correlated 
increases. Disregarding for the moment the difference 
in crops, mean values for the correlations between any 
one year and the first, second etc. preceding crops, may be 
obtained with the help of Fisher's (2) r-z table. These are 
presented in table 2. 
These values show high relationships on the average 
over the previous first seven crops, the higher values occurr-
ing with the first and the third previous crop. The highest 
value has been given by the third previous crop, which act-
ually was the same crop in each comparison as that sown in 
the year with which it was compared. The next highest 
correlation has been given by the immediately preceeding 
year. While these relative values are in accord with what 
might be expected, the insignificant difference between the 
TABLE 2. MEAN CORRELATIONS OF THE YIELDS OF PLOTS OF EACH YEAR 
WITH THOSE OF THE FIRST. SECOND. THIRD. ETC .. PRECEDING CROP YIELDS 
1st. 
2nd. 
3rd. 
4th. 
5th. 
6th. 
7th. 
8th. 
9th. 
10th. 
11th. 
12th. 
13th. 
14th. 
15th. 
* All values of r except these two are significant. 
Mean Correlations 
.672 
.621 
.687 
.645 
.652 
.649 
.630 
.567 
.595 
.543 
.461 
.544 
.423 
.320* 
.314* 
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results of the first seven values precludes any safe conclusion 
as to the relative importance of the effects of similarity of 
crop and the distance between the years studied. 
In the past the custom of comparing the yields of the 
dependent year with the average of the yields of 2 or more 
years has met with varying success. Sanders (10) in the 
first field obtained an increase in the correlation value from 
+.64, when he compared the yields in 1911 with 1910, to +.78 
when 1911 was compared with the average of 1908-10, but 
in the second field no such increase was obtained. Sum-
merby (11) likewise obtained variable results and concluded 
that on the average no benefit accrued from this practice. 
A preliminary examination of the present data supported 
these conclusions. The correlation values obtained from the 
comparison of anyone year with either the mean or the total 
of a number of years involves a "between year" relationship, 
which confuses the issue, and the variable results observed 
in the different trials might normally be expected to follow. 
If on the other hand, the yields of each year are treated 
as independent observations, and a multiple "R" value ob-
tained, additional information should be gained. Since the 
highest average relationship was shown by the first and 
third previous crops, multiple R values were obtained first 
using these 2 years as independent variables, and for pur-
poses of comparison the R values were also determined using 
the second previous crop in addition. The results are given 
in table 3 and are compared with the values of "r" for the 
third previous crop. 
TABLE 3. SIMPLE AND MULTIPLE CORRELATION VALUES BETWEEN THE 
YIELDS OF A GIVEN YEAR AND THE THIRD, THE FIRST AND THIRD; AND 
THE FIRST, SECOND AND THIRD PREVIOUS CROP YIELDS. 
Dependent On third On first, third On first, second, third 
year previous year years years 
1936 .4224 .8191 .8230 
1935 .6693 .7038 .7208 
1933 .8136 .8516 .8568 
1932 .5607 .5979 .6025 
1931 .5662 .5766 .8768 
1929 .7818 .7865 .8440 
1928 .6721 .7151 .7361 
1927 .9046 .9690 .9694 
1925 .7297 .8785 .8840 
1924 .6926 .8574 .8590 
1923 .8777 .9010 .9024 
1921 .4584 .7208 .7413 
1920 .5459 .7701 .8366 
1919 .4653 .6646 .6719 
-- -- --
Mean .687 .804 .818 
All values are Significant. 
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The results of table 3 show that a material increase in 
the correlation value has resulted in the majority of cases 
when two separate years have been used as independent 
variables instead of only one. The addition of a third year 
as an additional variable has not added materially to the de-
gree of the relationship. Moreover, it is important to note 
that the "R" values show greater consistency from year to 
year than do the "r" values, and hence their value as a poss-
ible basis for adjustment should be greatly increased. 
Although the three crops immediately preceding the de-
pendent year have been chosen' for purposes of comparison 
in this case, the high "r" values for the first seven crops 
would indicate, that similar results might be obtained using 
any of these years as' the independent variables. 
CONSIDERATION OF THE POSSIBLE METHODS OF 
DESIGN OF THE NEW EXPERIMENT 
The problem of the imposition of any set of new treat-
ments on land which is known to have been affected differ-
entially by past treatment is one which must be approached 
with a great deal of caution lest the error of the new experi-
ment be unduly increased. 
In the case of previously untreated land, the choice of 
the site will be directed towards ensuring that as nearly uni-
form soil as possible occurs within each block. The degree 
of success of the experimenter in this selection largely con-
trols the error of the experiment, since the error in a ran-
domized block design is in reality the failure of the different 
treatments to react alike in the various blocks. 
In the case of a variable field or one such as the present 
where fertility differences are known to occur, the error 
must normally be larger in this type of design and the dem-
onstration of significance between the treatments of the ex-
periment will be materially affected. Apart from the basic 
random variations, "pure error," the apparent error will be 
adversely affected by the different fertility levels of the plots 
within the blocks, and in addition by the interaction of 
the new treatments with the different fertility levels. By 
the covariance method (as will be shown later) allowance for 
the fertility level of the plots may be made, but the error 
term must in general be increased by the interaction quan-
tity. Hence, if it is not to be enlarged unduly, there must 
be some certainty that this latter quantity will not be too 
large. As will be shown later, interaction is likely to be 
small where, for example, a variety trial or cultivation ex-
periment is superimposed on the original fertilizer trial, 
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but the consequences might be much more serious where 
another fertilizer experiment is superimposed on the first. 
DESIGNS WHERE THE ORIGINAL PLOT FORMS THE BLOCK 
OF THE NEW EXPERIMENT 
Possible designs of the new experiment may be influenced 
by the size of the original plot. Formerly a fairly large plot 
was considered best. With the present modifications of 
machinery and the adjustment of our ideas on size of plot, 
much smaller areas are generally used. The limit of this 
case, viz. when all the treatments of the new experiment can 
be placed on a single plot of the original trial, provides one 
with a very simple solution of our problem. The original 
plot then becomes the block of the new trial and its variance 
is subtracted from the total variance in the ordinary manner. 
This solution further allows the experimenter to con-
tinue the previous trial in its original form, since comparable 
figures for the total yield of each original plot may still be 
obtained. Where it is desired to retain the permanent nature 
of the original trial, as is often the case with these "perman-
ent" experiments, this method offers the simplest solution to 
the more intense use of the area, and it was on the basis of 
this method that the trial described in the third portion of 
this paper was designed. 
In the case where half the total number of treatments 
can be included in anyone original plot, the solution is like-
wise relatively simple, for by the use of the method of "con-
founding" as developed by Yates (13) where the number of 
blocks is greater than the number or replications in the ex-
periment, the original plot may still be retained as the block, 
and its variance deducted as before. Although at first sight 
this form of design apparently involves the sacrifice of the 
original trial, since a different set of treatments will be 
placed on each original plot, such will not necessarily be the 
case. Provided that there is ground for supposing that the 
second order interaction which was confounded, is not likely 
to have a significant effect (as indeed will normally be the 
case) the comparison between the original plots will be per-
fectly valid. In order to demonstate this; suppose a simple 
case be taken, one with three different methods of seed bed 
preparation: (a) plowed or not plowed, followed by (b) cul-
tivated or not, followed by (c) harrowed or not. If "no 
treatment" be designated by (1) and the other treatments 
by (a), (b) and (c) respectively, then the eight possible 
methods of soil preparation are (1), (a), (b), (c), and two 
together, (ab), (ac), (be), and all three together, (abc). If 
the second order interaction among (a), (b) and (c) be con-
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founded, the treatments within anyone replication may be 
grouped into two blocks as indicated in the diagram: 
Block 1. 
Block 2. 
(a) 
(ab) 
(b) 
(ac) 
(c) (abc) 
(bc) (1) 
Examination of this grouping shows that in each block 
each of the main effects of (a), (b) and (c) is present twice 
while each of the first order interactions is present once, leav-
ing only the second order interaction not common. Thus, if 
this does not have a significant effect, the total yields from 
each block will reflect only the fertility differences of these 
blocks and therefore will be comparable. 
Under certain circumstances when there are three levels 
of each type of treatment, it will be possible to subdivide the 
27 possible treatment combinations into three groups of nine 
each, confounding the high order interactions again. With 
a design known as "partial confounding" (15) information 
on this high order interaction may be partially recovered. 
In the case where it is desired to superimpose a variety 
trial on the original experiment and it is not possible to in-
clude every variety on each of the original plots, Yates 
(16,17) has presented recently two new methods which may 
solve the problem. These methods have been termed "pseudo-
factorial" and "incomplete randomized blocks." It is im-
portant to note that by means of appropriate calculations as 
indicated by the author, block totals (which are synonymous 
with the yields of the original plot) may be adjusted for the 
different varieties present on each plot. Thus, the compari-
son of the original plots on the basis of these adjusted yields 
may be used in a valid manner and the permanency of the 
trial not affected. 
Where it is possible to place a duplicate set of the new 
treatments on each of the original plots (as was done in the 
experiment to be described later) the effect of the interac-
tions may be separated from the error and thus the method 
may be used for trials in which supplementary manurial 
treatments are to be superimposed on the original. 
DESIGNS WHERE A NUMBER OF THE ORIGINAL PLOTS 
FORM THE BLOCK OF THE NEW EXPERIMENT 
The final group of cases occurs when one is either un-
able to subdivide the original plot at all, or at most can only 
form two or three plots of the new experiment within the 
original plot. In this case, blocks in the new trial cannot be 
formed from a single original plot, but must contain some 
number of them. 
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Considering an example where no subdivision of the 
original plots can be made, the case resembles once again 
that of a very variable field on which a uniformity trial con-
ducted the previous year has supplied information as to the 
relative fertility levels of the various plots. If a simple 
randomized block design be adopted for the new trial, the 
error of the experiment will probably be unduly large, as . 
indicated earlier in this paper. What then are the possibil-
ities of improving the design? Can the plots be grouped into 
blocks on the basis of previous yields in such a manner that 
the new trial will give a small variance for error? 
In their 1931 paper (5), Garber, McIlvaine and Hoover 
working with uniformity data suggested several possible 
methods. They surmised that "it would seem desirable not 
only to have similar average deviation for each plot of a 
triplicate series, but for each plot involved in a particular 
experiment," but concluded that "to obtain a sufficient num-
ber of plots with similar deviations . . . would involve 
widely separated units and result in considerable practical 
difficulty." A second plan was to classify plots on the basis 
of average deviations into low, medium and high yielding 
groups and to select one plot from each section for the repli-
cates. They finally decided, however, to group the plots in 
such a manner that the algebraic sums of the average devia-
tions of triplicate plots belonging to any experiment were as 
nearly equal as it was possible to make them. The stress on 
the equalization of deviations of replicates would indicate 
that they were guided by the arithmetical procedure of the 
"deviation from the mean" method of determining the error 
of an experiment (8). No hypothetical designs were tested 
on their material so that comparative tests of the efficiency 
of their methods were not obtained. 
Based on the realization that error in a uniformity trial 
is the variation shown by the plots within a block, it would 
seem logical that perhaps the best method of grouping plots 
would be obtained when those of approximately equal fert-
ility were included in anyone block. If, as has been shown, 
the yields of 1 year give a fairly reliable indication of the 
inherent yields of that plot in subsequent years, a method of 
grouping into equal fertility blocks on the basis of previous 
yields might be expected to give less variation within blocks 
than would occur if the plots were grouped according to their 
adjacent position in the usual manner. Moreover, if the 
plots in the case of the former method of grouping, viz. on 
equal fertility, can be further grouped into classes of approx-
imately the same order of fertility, such a design would have 
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the advantage that interaction between the new set of treat-
ments and fertility would not only be eliminated from the 
error term, but could be measured and tested for significance. 
Where the knowledge of such a differential response is de-
sired, e. g. in the case of determining the yield merits of 
different varieties for areas of low and high fertility, this 
method of design would have much to recommend it. 
These two methods of design, (a) normal adjacent plot 
grouping, (b) equal fertility grouping on the basis of pre-
vious yields, have been tested on the data of the present trial. 
For reasons mentioned previously the plots wele divided 
into six blocks of four plots each. For instance, referring 
to appendix table 8, the error variance for the yields in 1936 
by method (a) would be determined by joining blocks from 
plots 0-3, 4-7, etc. In method (b), however, the grouping of 
the 1936 plots on the basis of the first preceding crop yield, 
1935, would be obtained by first ranking the plots on the 
basis of the yield in 1935 and then grouping plots of rank 
order 1-4 in Block 1, 5-8 in Block 2, etc. A similar grouping 
on the basis of the second and also on the third preceding 
crop was also performed and the whole procedure repeated 
in table 4. 
It is evident from the figures for the percentage reduc-
tion of the variance that the method of grouping on the basis 
of equal fertility has reduced the error very little more than 
TABLE 4. TOTAL AND ERROR VARIANCES OF TWO METHODS OF DESIGN. 
(a) GROUPING OF ADJACENT PLOTS INTO BLOCKS. 
(b) GROUPING OF EQUAL FERTILITY PLOTS INTO BLOCKS ON BASIS OF 
PREVIOUS CROP YIELDS. 
(a) Adjacent grouping (b) Equal fertility grouping 
Year Total Reduction Error variance Reduction Variance Error in percent of third. 
variance of total First Second Third in percent total variance previous crop yields variance 
1936 79.52 30.28 61.9 14.16 60.54 46.90 41.0 
1935 45.07 19.34 57.1 33.74 27.07 22.19 50.8 
1933 145.98 91.17 37.5 100.42 136.77 58.42 60.0 
1932 67.80 32.02 52.8 71.38 53.25 28.32 57.5 
1931 40.13 28.38 29.3 32.07 38.67 27.91 30.5 
1929 164.35 155.46 5.4 143.95 72.51 114.49 30.3 
1928 151.56 44.38 70.7 101.99 121.02 94.71 37.5 
1927 109.96 109.43 .5 83.07 19.33 30.85 71.9 
1925 342.27 139.84 59.1 133.45 291.96 191. 70 44.0 
1924 52.70 45.37 12.9 20.43 25.46 39.89 24.3 
1928 94.16 100.70 -6.9 52.02 80.25 18.38 80.5 
1921 29.15 17.30 40.7 30.26 13.87 25.72 11.8 
1920 80.88 60.99 24.6 74.51 53.45 57.19 29.3 
1919 76.29 46.24 39.4 65.16 39.42 48.91 36.7 
-- -- -- -- -- --
- -
Mean 105.70 65.78 34.7 68.33 73.83 57.58 43.3 
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the adjacent plot grouping. VVhereas on the average the 
adjacent plot method decreased the error variance by 35 per-
cent of the total, the grouping on equal fertility achieved a 
reduction of 43 percent. Moreover the e.ffect of the latter 
method has been variable, in some cases actually giving an 
error value higher than with the adjacent plot method. 
Fisher (2) in commenting in general on methods of 
grouping states: "The common-sense inference that sets of 
plots giving equal total yields in the preliminary period 
should under equal treatment give equal totals in the experi-
mental period, implies that the expectation of subsequent 
yield of any plot is well represented in terms of the prelimin-
ary by a linear regression function. The important point is 
that the adjustments of the results of the experiment appro-
priate to any regression formula ... may be made from the 
results of the. experiment themselves without taking any 
notice in the arrangement of the plots of the previous 
yields." 
It is of interest, therefore, to study the results obtained 
by applying the covariance method to the yields when based 
on an adjacent plot design. Since the plots within a block 
in the equal fertility grouping will not have precisely the 
same fertility, a similar covariance adjustment has been 
applied to the variance of this grouping also, in order to 
TABLE 5. ERROR VARIANCE AFTER ADJUSTMENT BY COVARIANCE. 
(a ) ON EQUAL YIELD GROUPING, (b) ON ADJACENT PLOT GROUPING, BY 
SIMPLE AND MULTIPLE REGRESSION. 
Adjacent plot groups 
Equa l yield groups 
Error on basis of Multiple 
Total variance previous crop yields On basis of covariance Year variance adjacent previous crop yields on basis of 
groups first and 
First /secondi Third First /second/ 
third prev-
Third ious crop yields 
1936 79.5 30.2 9.4\ 61.5 \ 42.9 10.5 25 .9 1 26.3 9.9 1935 45.0 1~.3 30.9 24.8 21.9 14.1 15.5 11.3 9.7 
1933 145.9 91.1 89.5 135.7 52.6 65.6 66 .3 32.6 25 .0 
1932 67.8 32.0 65.9 55 .7 29.9 28.1 28 .1 23.2 20.5 
1931 40.1 28.3 32.4 39.5 29.5 21.7 25 .3 20.4 18.9 
1 ~29 164.3 155.4 131.9 69.7 113.7 120.1 53.9 63.9 59.3 
1928 151.5 44.3 103.1 126.6 88.6 23.2 22.9 25.7 21.6 
1927 109.9 109.4 65.6 16.8 27.7 25.6 22.5 21.0 6.7 
1925 342.2 139.8 138.8 294.4 194.6 42.2 75.1 69.2 31.9 
1924 52.7 45.3 19.0 26.8 42.1 13.7 27.8 24.9 12.0 
1923 94.1 100.7 55.0 84.1 19.4 59.1 54.9 24.4 18.9 
1921 29.1 17.3 30.6 14.6 27.2 9.1 12.3 14.4 8.3 
1920 80.8 60.9 78.8 55.5 60.4 36.0 26.7 45.3 24.8 
1919 76.2 46.2 65.8 36.8 48.2 28.9 45.7 38.3 25.8 
--- - - 65.51 74.5 - - - - - -Mean 105.7 65 .7 57.0 35.6 1 35.91 31.5 20.9 
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make the comparison valid. Moreover, since the correlation 
studies indicated that a higher relationship was obtained 
when the first and third previous crop yields were used con-
currently as independent variables, a multiple covariance 
adjustment was applied to the adjacent plot grouping. The 
error variances after adjustment of these three methods are 
given in table 5. 
The figures in table 5 show several important points. 
In the first case, it is evident that on the average the covari-
ance adjustment has not decreased the error variance of the 
equal-yield grouping. With the loss of an additional degree 
of freedom for the adjustment, the operation has therefore 
resulted in a net loss of efficiency. 
Secondly, the results show in no uncertain manner that 
a material gain in precision has resulted when covariance 
on any 1 year has been applied to the adjacent-plot group-
ing. The explanation is to be sought in the fact that apart 
from any relationship of the yields from year to year, there 
is a high correlation between the yields of adjacent plots 
within any 1 year in spite of differences in fertility that 
may have been produced by the previous fertilizer trial. 
There are therefore two types of major influences operating 
on the yields in this case: (a) The tendency of adjacent 
areas of land to yield alike, and (b) the tendency of the orig-
inal plots of the fertilizer trial to maintain their differences 
in fertility. The adjacent plot grouping takes advantage of 
the former tendency, while grouping according to previous 
yield or alternatively, the use of the covariance adjustment 
is based on the information supplied by the second of these 
influences. Any method which does not take advantage of 
both tendencies must sacrifice some of the available informa-
tion, and result in lower efficiency. 
The greatest reduction in the error variance has been 
obtained when multiple covariance was used, the covariance 
being reduced on the average from about 35, when a single 
year was concerned, to 20.9 when the adjustment was on the 
basis of 2 years. In using any type of covariance adjust-
ment, there are certain disadvantages which it is important 
to remember and which in the end must outbalance the 
advantages. Of primary importance is the labor and time 
involved in obtaining the preliminary information. Second-
ly, for every independent variable used in the adjustment 
one degree of freedom must be lost, and thirdly, there is the 
labor involved in the arithmetical treatment of the results 
subsequent to the conduct of the experiment. In the case 
of a new site on which no previous yields have been obtained, 
the loss of time and the labor involved in conducting 1 or 
,-
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2 years of a uniformity trial will often outbalance any 
advantages of a gain in precision resulting from the use of 
the information obtained. Similarly, in fairly uniform fields 
where small random fluctuations are the major factor in the 
error variance, the advantages are often not sufficient to 
warrant the use of covariance. But in cases such as the pre-
sent, where the variation within blocks is high and where 
the yields over a number of previous years are already avail-
able, the advantages generally will outweigh the disadvan-
tages and the decrease of the error variance frequently will 
be very considerable. 
It is of interest to note the differential reduction of the 
error variance in the different years of the trial. In certain of 
these, viz. 1935, 1931, 1921, the original sum of squares was 
comparatively small, while in others, viz. 1933, 1929, 1927, 
1925, it was large, reflecting to a great extent a small differ-
ential response of the fertilizer plots to the season on the one 
hand, and a large response on the other. The regression 
adjustment to the sum of squares varies in the two classes, 
tending to be small in the former case and large in the latter, 
so that within limits the reduction in variance appears to a 
large extent to be proportional to the original error variance. 
This is especially noticeable in the case of the multiple co-
variance where the greatest use is made of the information 
available. It seems reasonable to suppose, therefore, that 
the variation which has not been accounted for is the ran-
dom error which within limits is more or less characteristic 
of the field and the season, while that amount which can be 
accounted for represents the real fertility differences occur-
ring naturally or produced artificially by manurial treat-
ment. Such a hypothesis might easily explain the apparent 
differences in covariance adjustment which have been ob-
tained by the different workers. In the case of most "uni-
formity" fields the variation within blocks will be of a ran-
dom nature, and the covariance adjustment will have' little 
effect, while, where there are real fertility differenc..es, the 
reduction might logically be expected to occur and be approx-
imately proportional to such differences. 
Thus it has been possible by the use of the multiple 
covariance adjustment on the adjacent plot grouping to re-
duce the error variances very materially. The greatest re-
duction occurred in those years when the original variance 
was high, e. g. in 1927 when the reduction was from 109.4 
to 6.7, and least when the original variance was low, e. g. in 
1931 when the reduction was from 28.3 to 18.9, the average 
figures being from 65.7 to 20.9. Despite the variable 
nature of this field these final error variances compare very 
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favorably with the variances obtained from trials sown on 
normal uniform sites. 
During recent years emphasis has been placed on the 
"efficiency" of experimental design. Fisher (3) has shown 
that since the error variance falls off inversely to the number 
of replications, the precision of any given experiment is pro-
portional to the inverse of the variance. Where degrees of 
freedom are lost in regression adjustments, as in this case, 
the true comparison of the precision is afforded by the ratio 
n+1 1 
-- . -- where n = degrees of freedom and s = sam-
n+3 s' 
pIing variance. 
In the case where experimenters are seeking to deter-
mine whether it is advisable to precede a given trial by a 
year's uniformity trial, due allowance must be made in ad-
dition for the extra labor involved and the time lost in 
conducting the uniformity test. However, in the present 
circumstances such information is available without any 
additional labor, and the only cost involved is the relatively 
small item involved in the arithmetical treatment of the 
results. The comparative merits of the different designs are 
n+1 1 
given directly, therefore, by the ratio -- . -- and the 
n+3 s' 
increase in precision of the designs, given in table 6, has 
been compared with the total variance for each year express-
ed as unity. 
TABLE 6. COMPARATIVE PRECISION OF THE DIFFERENT METHODS OF 
DESIGN. 
Precision of Total Variance = 1 
Error Error Covariance Covariance 
variance variance Multiple Year . 
adjacent equal yield on adjacent on equal covariance 
groups groups groups yield groups 
1936 2.57 1.81 2.94 1.81 7.74 
1935 2.28 1.99 3.89 2.00 4.48 
1933 1.67 2.46 4.36 2.70 6.65 
1932 2.08 2.31 2.84 2.21 3.20 
1931 1.39 1.41 1.92 1.33 2.06 
1929 1.04 1.41 2.60 1.41 2.69 
1928 3.36 1.67 6.73 1.67 6.78 
1927 0.98 3.49 6.09 3.87 16.92 
1926 2.40 1.75 4.82 1.71 10.40 
1924 1.14 1.29 2.06 1.22 4.26 
1923 0.92 5.02 3.75 4.72 4.82 
1921 1.65 1.11 1.97 1.04 3.40 
1920 1.30 1.39 1.74 1.30 3.16 
1919 1.62 1.62 1.94 1.64 2.87 
- - -
- -
Mean 1.74 2.04 3.25 2.03 6.63 
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Several points are brought out clearly by the table. (a) 
It is quite evident that the slight decrease in the error var-
iance when covariance was applied to the equal fertility 
grouping was more than compensated for by the loss of the 
additional degree of freedom. No increase in precision has 
resulted, therefore, from this statistical procedure. (b) It 
is further demonstrated that the process of applying covari-
ance to the adjacent plot grouping has achieved approxim-
ately twice the precision obtained by the method of grouping 
on the basis of previous equal fertility of the plots. Com-
pared to the value of 1.74 for the adjacent plot grouping, the 
use of covariance has further increased the precision to 3.25. 
(c) A still further increase in precision to the value of 5.83 
has been obtained when multiple covariance based on the 
regression on the yields of 2 previous years has been used 
on the adjacent plot grouping. 
It is evident, therefore, from these considerations that, 
surprising as it may seem, the most satisfactory method is 
to ignore the previous treatments and to form blocks from 
adjacent plots in the normal manner. When the results come 
to hand at the end of the trial, the covariance adjustment is 
used, supplying its own test as to its success. From this 
point of view, the adjacent plot block has a material ad-
vantage over any system of arbitrary grouping, since in the 
latter case covariance will not achieve much further reduc-
tion of the error variance, and hence, no measure of the 
efficiency of the grouping will be available. 
If the treatments of the original fertilizer trial be not 
continued, it is probable that the fertility of the various 
plots will alter with the passage of time. By virtue of the 
efficiency with which the covariance adjustment reduces the 
sum of squares for error, the experimenter will be able to 
judge as to the change in fertility and decide whether it be 
worth while to conduct another uniformity trial. 
Before passing to the results obtained from the trial 
conducted in 1936, mention must be made here of a type of 
design which appears to fit well the solution of the problem 
of super-imposition. It has been termed the "split plot" 
design, and as used in this problem is a combination of 
the two types of cases considered earlier in this section. 
Suppose for instance that it was desired to conduct an ex-
periment with four or more varieties of wheat at four 
different times of seeding. Even if it were possible to place 
all 16 possible combinations on each of the original plots, 
those who are conversant with the difficulties of cultivating 
a great many small plots at different times, would recognize 
the objections to this design. In the split plot design as 
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applied to a variety-time-of-seeding trial,the block would be 
divided into four major plots which would comprise the four 
times of seeding treatments (in this case four of the original 
plots might well form the block). Each of the major plots 
would then be subdivided and sown with each of the varie-
ties, and the whole block repeated the desired number of 
replications. Thus the cultivation difficulties would be con-
siderably reduced and yet most of the advantages of the 
factorial combination retained. The disadvantage of this 
type of design lies in the lower accuracy with which the 
comparison between the major treatments is made, but fre-
quently the same precision will not be desired in the two sets 
of treatments, or alternatively the experimenter may be will-
ing to sacrifice this amount of accuracy for the convenience 
of working. The statistical treatment of the results will 
most probably be performed best in two sections: (a) The 
consideration of the variety yields in exactly the same man-
ner as in the trial to be described later, and (b) the com-
parison of the total yields of each plot of the time-of-seeding 
treatment as a covariance problem in the manner illustrated 
in this section. 
THE RESULTS OF A COMPLEX EXPERIMENT 
SUPERIMPOSED ON THE FERTILIZER TRIAL 
DESIGN AND PROCEDURE 
Previous mention has been made of the necessity for 
the continuation of the original trial in the present case, and 
this has somewhat limited the possible methods of super-
imposition which could be used. The only solution to the 
problem which does not involve any assumption as to the 
size and nature of the interactions is that in which all the 
new treatments are superimposed on each original plot, 
which for the purposes of differentiation in this paper will 
be termed the "soils plot." Accordingly this design was 
chosen to illustrate the possibilities. 
At the suggestion of Dr. A. A. Bryan, the problem of 
the effects of rate and method of planting on three different 
varieties of corn was decided on. The varieties used were 
three top crosses of Inbred A, Inbred 75 and Inbred N.l-l 
on Krug, and will be designated in the future by VI, V2, and 
Va. Two rates of planting, six and eight seeds per hill, (RI 
and R2 respectively) were included, hills being 42 inches 
. apart. In order to ensure uniformity of stand, the hills 
were thinned to three and four plants each after germina-
tion. Since the process of thinning may disturb the remain-
ing plants, it has been suggested that if the seeds were sown 
in two clumps of three or four seeds each, situated about 3 
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inches apart, the chances of complete germination in any 
one group would be fairly good, in which case the procedure 
of removing the second clump in thinning would not involve 
any disturbance of the remaining plants. These two methods 
of planting (Ml normal, and M2 spaced) were accordingly in-
cluded, thus making a combination of 12 possible treatments. 
The original soils plots were 48 rows wide with 10 hills 
per row, but since the difference between the methods of 
planting was likely to be very small, it was thought that 
greater accuracy in this comparison would be desirable. It 
was decided, therefore, to adopt a split plot design with six 
major plots four rows wide, sown to the six possible comb-
inations of the three varieties and the two rates of planting, 
the block of the six treatments to be duplicated on each soils 
plot. Each major plot was then subdivided into minor plots 
of two rows, each sown according to the two methods in 
question. 
Yields were recorded on all rows for the purpose of 
giving the total yield from each soils plot, but for the pur-
poses of this study the yields of only the center two rows of 
each plot were considered, the outside rows of each plot as 
well as the outside hills of each row serving as borders. 
The trial was hand planted on May 13, and thinned on 
June 6 and June 8. A count on stand, made prior to harvest, 
indicated the number of immature small plants and suckers, 
but the average height of the topmost leaf was recorded on 
major plots only, since no difference could be discerned be-
tween the methods of planting. At harvest on October 1 
to 3, the numbers of good and small ears were noted, and the 
field weight of corn determined. The total produce was 
then taken from each treatment on six of the soils plots, two 
being chosen at random from the low fertility plots, two from 
medium and two from high fertility plots. These were 
reweighed in the laboratory, dried for a period of 4 days in 
an artificial drier, shelled and the weight of grain and mois-
ture of that grain determined. 
In spite of an abnormally dry season fairly satisfactory 
yields were obtained. Germination was excellent, and early 
growth gave promise of high yields. The hot dry period 
which set in about the middle of June retarded growth as 
the height figures indicate, but had its greatest effect on 
pollination. Fortunately the plants seeded about May 13 
tasselled during a cool spell, and set seed fairly well, while 
the plantings, both earlier and later, failed badly. Two of 
the plots were not sown at the normal time. Unfortunately 
the reseeding on May 26 was affected by the adverse weath-
er and failed to give comparable yields with the remaining 
plots at harvest. 
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STATISTICAL TREATMENT OF RESULTS 
The statistical analysis of the data is reported in ap-
pendix tables 9 to 13. Since only one of the missing plots 
was included in the moisture and shelling percentage deter-
minations, the simple formula for missing plots presented 
by Wishart and Allan (12) was used to give a value. In the 
case of yield and number of ears, however, where two plots 
were missing, the more complicated substitution analysis of 
Yates (14) had to be used. Error (b), i. e. that between 
the "minor plots" has been minimized in each case. 
In order to determine what adjustments should be made 
for moisture and shelling percentage in the determination 
of the actual yield of corn for each plot, the analysis of vari-
ance was run on these variables first. Significant differences 
in both "moisture" and "shelling percentage". were given 
with "variety" and "rate", but not with "method" nor with 
any of their interactions. A significant difference also was 
indicated by "soils plot," but whereas adjustments could be 
made on the basis of variety and rate, information on all the 
soils plots was not available since only six of the total 24 
were sampled. Correcting then on the basis of the average 
values obtained for each variety and rate, the yield in bushels 
per acre of grain at 15 percent moisture was determined for 
each plot. The actual yields will not be presented in this 
paper, but are available for inspection at the Iowa State 
College Statistical Laboratory. 
Because second order and higher interaction are not 
likely to be significant in this experiment they have been 
grouped together as error in each table. Error (a) will be 
appropriate to test any of the main effects or interactions in 
the first section, while error (b) will be appropriate to test 
"method" and its interactions. In the case of "plant height" 
the total degrees of freedom is 287, since observations were 
made on the major plots only. With "moisture" and "shell-
ing percentage" only six soils plots are concerned, and the 
total degrees of freedom will be 143, with appropriate reduc-
tion in the other groups. 
Where yields have been estimated for missing plots, 
there will be one degree of freedom for each missing plot to 
be subtracted from both the total and error (b) term. 
Appended to each of the tables of the various analyses 
of variance given in the appendix, are the mean values of 
the treatment yields. 
DISCUSSION 
Consideration will be given first to the results of this 
particular trial, and later the relationship of the results to 
the general problem will be discussed. 
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THE RESULTS OF THIS PARTICULAR EXPERIMENT 
PLANT HEIGHT, APPENDIX TABLE 9 
All three variables, variety, rate and block have pro-
duced significant differences in plant height, while the inter-
action between variety and rate of planting was insignificant. 
Of the varieties, V 2 stood the tallest with a mean height of 
57.7 inches, V3 next and VI the smallest. The plots with three 
plants per hill were 1.6 inches taller on the average than 
those with four plants per hill. 
GOOD EARS PER PLOT, APPENDIX TABLE 10 
Once again, variety, rate of planting and block have had 
significant effect, although the variety effect has not reached 
high significance. Despite the increase of eight plants per 
plot in the higher rate, the total number of ears was in-
creased by only 2.6. The variety effect was not marked, VI 
producing one ear per plot more than V3. 
PERCENTAGE SHELLING LOSS, APPENDIX TABLE 11 
Highly significant effects were produced by block, varie-
ty and rate, with no significant difference for method or the 
interactions. V2 was noticeably lower in loss than either V I 
or V3, while only one percent difference was observed be-
tween the two rates of planting. 
PERCENTAGE MOISTURE, APPENDIX TABLE 12 
V2 also showed the least percentage of moisture, and 
only a small difference between the rates of planting was 
again observed. 
YIELD PER ACRE, APPENDIX TABLE 13 
The final yields per acre indicate plainly the sum total 
of the characteristic effect of the treatments as shown by the 
previous analyses. V2 has given the greatest yield; some 
three to four bushels per acre larger than the other two. The 
lower rate of planting has given about four bushels per acre 
higher yield under the climatic conditions prevailing in 1936, 
while the difference of only .7 of a bushel per acre in favor of 
spaced planting is just significant. 
A question of some interest is this: Did the varieties 
and rates of planting respond differently to the levels of 
fertility characterizing the soils plots? To answer this 
question, the interactions of varieties and rates with soils 
plots were segregated from the sum of squares in error (a). 
The remaining degrees of freedom were used to test signif-
icance, as follows: 
Source of Variation 
Variety x soils plots 
Rate x soils plots 
Error (c) 
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Degrees of Freedom Mean Square 
46 79 
23 99 
166 67 
Since neither interaction is significant, one concludes 
that plots differing in fertility no more than these soils plots, 
are well suited to such trials as those in this experiment. 
THE BEARING OF THE RESULTS ON THE GENERAL 
PROBLEM 
Consider now the bearing of the results of this experi-
ment on the more general problem of the relative merits of 
the different methods of design. 
The respective error variances and standard errors of 
the different variables are presented in table 7. Since the 
number of replications (48) used in the present trial are 
much greater than would normally be used, the standard 
error has been obtained for 16 replications in order to make 
the figures comparable with normal trials. Where it is nec-
essary that each soils plot be treated identically to give com-
parable results for the original fertilizer trial, it is obvious 
that, in general, many more replications must be carried than 
is absolutely necessary, with a consequent increase in labor. 
If the case where all the treatments can be placed on 
each of the original given plots be considered first, table 7 
shows that small differences can be demonstrated by this 
method of design. For the major treatments the largest 
standard error is given in the case of yield (1.74 bus. per 
acre) ; the next highest being given with ears per plot (0.80 
ears) . 
This trial also has demonstrated the noticeably finer 
comparisons obtained with the minor treatments in a split 
plot design. Not only is the error variance smaller due to 
the fact that the treatments have been compared on adjacent 
plots, but the greater number of replications of the minor 
treatments must proportionately decrease the standard error 
still further. 
The errors in yield per acre to be expected from the second 
type of design of a superimposed trial, viz, where different 
treatments must be placed on different original soils plots, 
were derived in a previous section of this paper, and were 
shown in table 5. There is little point, however, in attempt-
ing to make an accurate comparison of the errors obtained 
in the two types of design, since the size of plot is materially 
different and the number of replications and the area of land 
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TABLE 7. ERROR VARIANCE AND STANDARD ERRORS OBTAINED IN THE 
GIVEN TRIAL. 
Standard er ror Significant 
Plant cha r acter Mean l:!.: l'ror with difference 
value variance 16 replication s .• between two treatments 
Yield (bu . per acre) 36.5 
Major treatment s 48.40 1.74 4. 9 
Minor treatments 19.81 0.45 1. 3 
Ears per p lot 20.4 
Major t reatments 10.18 0.80 2.3 
Minor treatments 5.36 0.24 0.67 
Plant height (inches) 55 .51 
Major treatments 8.52 0.73 2.1 
P ercent m oisture 31.2 
Major treatments 4.16 0.51 1.4 
Minor treatments 4.15 0.21 0.59 
Shelling loss 17.1 
Major treatments 4.43 0.53 1.5 
Minor treatments 3.27 0.18 0.52 
. In t he case of m inor treatments , t he number of replicat ion s will be (16 x 6) = 96 
involved will vary in the two cases. The evidence indicates, 
nevertheless, that the errors are of the same order of size 
and that reasonably small differences can be demonstrated 
by either method of design. 
There remains then the consideration of the possible 
complications which interaction between the original soil 
treatment and the supplementary treatment might have on 
the error and. on the possible use of the "confounding" tech-
nique as suggested earlier. Because of the replication of the 
treatments within the soils plots in the present experiment, 
one is able to obtain a valid estimate of the effects of these 
interactions. Like the variety and rate-of-planting inter-
actions with soils plots discussed above, all the interactions 
of the variables with the soils plots proved insignificant. 
The results of a trial conducted by Dr. A. A. Bryan in 1935 
with 12 varieties of corn planted on different fertility plots 
lend additional support to the conclusion that the first order 
interactions will not increase the error to any appreciable 
extent. In this case the variance was increased only from 
80.92 to 92.20, the standard deviations being increased from 
9.00 to 9.60. The effect of the soil interactions, therefore, 
was not a large one, and no great harm to the main treat-
ment comparisons resulted from adopting a design which 
did not eliminate these interactions from the error term. 
The significance of the second-order interactions will 
be even less than the first-order interactions, and it is evi-
dent that in those designs in which second-order interactions 
are confounded, they are seldom likely to have any effect on 
166 
the validity of the comparison of the total yields of the blocks 
within a replication. Hence the comparison of the yields of 
the various plots of the original fertilizer trial will not be 
invalidated if this design be chosen for the subsequent ex-
periment. 
CONCLUSIONS 
In conclusion, the chief contributions of the present 
study are two. First, the covariance treatment offers a 
better method of using previous information than a system 
based on the grouping of plots from different parts of the 
field. Not only will this method result in a greater reduction 
of the error variance, but it also will enable the experimenter 
to proceed with his design on the basis of the grouping of ad-
jacent plots in the orthodox manner, and then it will supply 
its own test of efficiency. Second, when the information is 
available, much more effective use is made of the previous 
results when the various crop yields are treated as indepen-
dent variables in a multiple covariance adjustment rather 
than by any system of averaging the results. 
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APPENDIX TABLE 8. YIELDS OF RANGE 1100 OF THE 4-YEAR ROTATION AND FERTILIZER EXPERIMENT. (Bu. per acre.) 
Treatment 
plot I 1915 \ 1916 1 1917 \ 1919 1 1920 \ 1921 1 1923 \ 1924 1 1925 \ 1927 1 1928 \ 1929 1 1931 1 1932 1 1933 \ 1935 1 1936 \ Mean Corn Corn Oats Corn Corn Oats Corn Corn Oats Corn Corn Oats Corn 1 Corn Oats Corn Corn . 
o Check 
1 A 
2 A. 
3 AB 
4 Ai 
5 Check 
6 A.B 
7 AsB 
8 ABE 
9 A B F 
10 Check 
11 A B D 
12 ABEG 
13 A B Ho 
14 A B Hi 
15 Check 
28 C B E 
29 C B F 
30 Check 
31 C B D 
32 C B H 
33 CBEG 
34 C B Ho 
35 Checki 
Mean 
58.2 
60 .4 
57.5 
57.5 
64.1 
51.1 
64.2 
61.5 
68 .1 
68.1 
57.1 
59.2 
64.6" 
54.1 
54.2 
44 . 3 
46.1 
48.9 
51.4 
55.0 
48.2 
51.9 1 50.4 
~I 56.2 
·Yield Estimated. 
54.0 
60.3 
57.8 
57.0 
54.6 
47.8 
61.6 
63.2 
63 .4 
62.5 
61.6 
57.8 
66.7 
57.6 
66.7 
62.3 
49.9 11 52.4 
51. 1 
51.2 
49.2 1 
51.2 
45.3 1 
47.7 
56.41 
49.7 
72.2 
66.8 
75.6 
72.5 
63.8 
82 .9 
73.4 
67.6 
71.2 
• 54 .1 
66.1 
72.7 
76.4 
82 .5 
63.5 
57.8 
58.4 
57.3 
63 .6 
71.3 
65.4 
71.2 
63.5 
67.5 
64.3 
81.4 
71.4 
75.7 
72.8 
55.7 
70.0 
71.4 
77.1 
84.2 
77.1 
85 .7 
81. 4 
88.6 
77.1 
65.7 
65.7 
70.0 
55 .7 
64.3 
65.7 
68.6 
71.4 
62.8 
71.8 
58.6 
78.4 
71.4 
65.7 
78.4 
57.3 
77.2 
78.6 
74 .2 
70.0 
50.0 
64.3 
68.6 
67.1 
72.7 
57 .3 
67.1 
68.6 
62.8 
64.8 
58.6 1 51.4 
58.6 
48.6 
65.4 1 
52.3 ! 
54.8 
49.7 
53.7 
56.3 
41.9 
51.2 
58.4 
65.9 
60.7 
54.7 
61.6 
63.7 
61.2 
60.9 
58.2 
52.3 
50.3 
50.0 
55.9 
53.7 
56.6 
60.6 
53.4 
55.8 
57.3 
77.6 
65.2 
76.2 
77.6 
54.7 
71.3 
75.0 
77.6 
78.7 
71.9 
81.2 
82.5 
80.0 
82.5 
54.6 
70.6 
72.0 
51.9 
73.4 
67.9 
73.4 
76.1 
53.3 
70.9 
All yields corrected for stand. moisture and shelling percentage. 
Treatment legend -
35.7 I 
48.6 
41.4 
51.4 
51.4 
37.1 
52.8 
58.5 
51.4 
55.7 
50.0 
54.2 
54.2 
51.4 
55.7 
34.3 
45.7 
42.8 
37.2 
40.0 
40.0 
41.4 
50.0 
41.4 
46.8 
35.0 
45.9 
39.7 
52.8 
57.5 
35.6 
69.7 
85.3 
84.0 
84.3 
74.0 
88 .1 
80.0 
83.4 
86.6 
59.7 
59.0 
65.0 
50.9 
73.7 
83.4 
78.7 
97.2 1 
89.31 
69.1 
45.9 
61.3 
57.3 
64.3 
61.6 
39.5 
68.8 
75.3 
74.4 
73.4 
62.1 
71.5 
65.6 
69.1 
67.2 
40.6 
60.4 
61.9 
46.7 
63.8 
56.6 ' 
55.5 
65.4 
44.1 
60.5 
60.2 
70.7 
65.7 
72.2 
69.3 
54.3 
76.8 
82.5 
78.5 
76.3 
68.8 
67.4 
54.8 
65.3 
62.7 
53.8 
53.1 
49.3 
45.9 
49.0 
42.0 
49.1 
40.8 
47.4 
74.3 
64.7 
64.4 
65.0 
73.4 
73.8 
47.8 
84 .4 
90.9 
88.8 
82 .2 
71.6 
83.1 
87.2 
74.7 
101.3 
69.1 
65.9 
69.7 
60.6 
69.4 
72 .2 
69.7 
96.9 
56.9 
"74.31 
57.5 
57.8 
59.1 
64.6 
58.5 
51.7 
60.9 
66.1 
69.2 
71.4 
71.0 
65.3 
71.2 
70.1 
61.5 
56.5 
57.6 
60.0 
66.4 
59.3 
61.7 
69.2 
78.7 
66.4 1 
63.8 1 
67.3 
81.2 
67.9 
72.5 
76.1 
65.2 
78.1 
82.5 
76.5 
83.3 
79.4 
81.3 
83.2 
76.7 
73.0 
63.2 
70.6 
68.6 
62 .6 
64.0 1 63.2 
58.8 
58.8 
~I 71.4 
31.6 
31.9 
39.1 
47.2 
48.8 
26.9 
50.3 
58.4 
57.8 
58.1 
40.9 
57.8 
68.1 
70.3 
69.7 
44.4 
45.0 
44.5 
40.9 
49:4 
46.61" 
39.7 
48.8 
~I 47.8 
72.3 
76.0 
75.3 
73.6 
71.7 
70.8 
76.8 
80.0 
84.4 
88.2 
85.8 
95.0 
87.4 
84.0 
78.0 
75.5 
72.4 
73.0 
72.8 
74.7 
77.1 
81.1 
90.9 
77.4 
78.9 
29.4 
29.0 
27.8 
24.7 
24.9 
25.6 
38.1 
43.1 
43.4 
48.4 
46.8 
52.3 
44.6 
42 .7 
39.3 
35.3 
27.0 I 27.6 
28.3 
31.0 1 
33.1 
37.8 
51.1 
44.0 
36.5 
52.6 
61.9 
57.5 
62.2 
62.9 
48.6 
66.8 
70.8 
70.7 
71.6 
63.3 
70.1 
70.4 
69.0 
70.1 
55.2 
56.8 
57.8 
52.5 
58.9 
58.3 
58.8 
65.4 
55.2 
62.4 
A. Manure 8 tons per acre every fourth year before first corn. At. Manure 12 tons per acre every fourth year before first corn. A2. Manure 16 
tons per acre every fourth year before first corn. A 3. Manure 20 tons per acre every fourth year before first corn. A(, Manure 2 tons an-
nually, C, Crop residues plowed in. B. Limestone every fourth year before oats. D, Superphosphate, 120 pounds per acre before oats. E. Rock 
Phosphate. 1000 pounds per acre before oats. F , Bonemeal, 800 pounds per acre before oats, G, KCI, 25 pounds per acre before oats. Ho, Com-
plete Fertilizer, 2-12-6, 200 pounds per acre before oats. Hi, Complete Fertilizer, 2-12-12, 200 pounds per acre before oats. 
'""' m
00 
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APPENDIX TABLE 9. ANALYSIS OF VARIANCE OF PLANT HEIGHT (inches) 
Source of variation 
Variety 
Rate of planting 
Block 
Variety x rate 
Error 
Rate 
Variety Vi 
V2 
Va 
··Highly significant 
*Significant 
Degrees of freedom 
47 
235 
MEAN PLANT HEIGHT (inches) 
Ri R2 
54.4 52.2 
58.5 56.3 
56.0 55.1 
56.3 54.7 
Mean square 
466" 
184" 
130" 
12 
8 
Both rates 
53.3 
57.7 
55.6 
APPENDIX TABLE 10. ANALYSIS OF VARIANCE OF GOOD EARS PER PLOT 
Source of variation Degrees of freedom Mean square 
Variety 2 37' 
Rate of planting 1 IOU·' 
Block 47 82 0 • 
Variety :x rate 2 31' 
Errol' (a) 235 10 
Method of planting 1 0.5 
Method x variety 2 1.7 
Method x rate 1 4.5 
Error (b) 282 5.5 
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APPENDIX TABLE 10 (CONTINUED). 
MEAN GOOD EARS PER PLOT 
Rate fu R. . Both rates 
Variety V, 20.0 21.7 20.8 
V. 18.8 22.0 20.4 
V. 18.5 21.4 20.0 
19.1 21.7 
Method Ml 20.4 M. 20.4 
APPENDIX TABLE 11. ANALYSIS OF VARIANCE OF PERCENTAGE SHELLING 
LOSS 
Source of variation Degrees of freedom Mean square 
Variety 2 176--
Rate of planting 1 41'-
Block 11 12--
Variety x rate 2 2.4 
Error (a) 55 4.5 
Method of planting 1 0.4 
Method x variety 2 8. 8 
Method x rate 1 1.5 
Error (b) 67 3.3 
MEAN PERCENTAGE SHELLING LOSS 
Rate RI R2 Both rates 
Variety V, 17.3 18.9 18.1 
V2 14.5 15.3 14.9 
V. 17.8 18.8 18.2 
16.5 17.6 
Method MI 17.1 M. 17.0 
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APPENDIX TABLE 12. ANALYSIS OF VARIANCE OF PERCENTAGE: MOISTURE 
Source of variation Degrees of freedom Mean square 
Variety 2 199 
:Rate of planting 1 21' 
tllock 11 32" 
Variety x rate 2 12 
Error (a) 55 4 
Method of planting 1 1.2 
Method x variety 2 4.7 
Method x rate 1 0.1 
:Error (b) 67 4.0 
ME:AN PERCE:NTAGE MOISTURE 
Ra te Rl R2 Both rates 
Val'iety Vi 30.2 30.3 30.2 
V, 29.8 30.0 29.9 
Vo 32 .6 34.5 33.6 
30.8 31.6 
Method Ml 31.3 I M2 31.1 
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AfJ;'El':IDI~ TA.I;lLE 13, ANALYSIS QF :VARIANCE OF YIELD 
. •. 
Sourc.E;! of variation De!>rees of free~om ~1ean s.:]uare 
Variety ~. 1020*-
Rate of planting 1 2093** 
Block 47 1214'· 
Variety x rate 2 135 
Error (a) 235 72.61 
.. . •. .. ~ - ... ~ . 
Method of planting 1 82· 
Method x v .. ~.riety 2 9 
! 
Method x ;r·~te 1 26 
Error (b) 282 19 
:MEAN YIELD (bushels per acre) 
Rate RI R, 
-
. 
Meth()d MI M, MI M, Variety 
Variety V, 37.6 39.1 32.5 33.0 35.6 
\ 
V, 40.3 40.2 36.9 39.0 39.1 
... 
V3 36.7 36.3 32.5 33.4 34.7 
Rate 38.4 34.6 
Method MI 36.1 M, 36.8 
